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Abstract 
Objective: To assess the long-term stability of leveling the curve of Spee after at least 8 
years post-treatment in patients with mesocephalic pattern. Material and Methods: 
Measuring the depth of the curve of Spee in 10 mesocephalic patients at the following 
times: T0 (before the beginning of orthodontic treatment), T1 (at the end of orthodontic 
treatment) and T2 (at least 8 years after orthodontic treatment). These measures were 
compared using paired t-test (significance level of 5%). The curve depths were 
calculated from the measures of the distances between the lower buccal cusp of the 
posterior teeth of each side to a reference surface, which was supported by 3 points of 
the lower cast. Results: The mean curve of Spee depth at T0 was 1.86 mm, 0.50 mm at 
T1 and 0.53 mm at T2. The mean correction of the curve of Spee depth was 1.36 mm 
(73.11%) and the average relapse was 0.03 mm (2.2%). No statistically significant 
difference between T1 and T2 values in left or right sides was found. On the other hand, 
significant differences among T0 and T1 and T0 and T2 values were found. 
Conclusion: The results suggest that there was no significant depth relapse of the curve 
of Spee and also that leveling the curve is a stable procedure after 8 years after 
treatment in mesocephalic patients still using mandibular fixed retainer. The values 
found when comparing the depth in T0 and T1 showed that the curve of Spee was 
leveled during orthodontic treatment. 
 
Keywords: Dental Occlusion; Recurrence; Orthodontics.
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Introduction 
Normal occlusion in permanent dentition presents compensation curves called curve of Spee 
(anteroposterior) and Curve of Wilson (lateral) [1]. The curve of Spee was first described by Graf 
von Spee in 1890 as a line tangent to the anterior border of the condyle, the occlusal surface of the 
second molar and the incisal edges of the mandibular incisors [2].  
Clinically, the curve of Spee is defined by the distal marginal ridges of posterior teeth and 
incisal surfaces of the central incisors [3,4]. It is concave in the lower jaw and convex in the upper 
jaw [5]. The functional significance of this curve has not been completely understood [6]. However, 
it has been suggested that the curve of Spee has a biomechanical function during food processing by 
increasing the shear strength of posterior teeth and the occlusion efficiency during mastication [3.6]. 
The presence of an exaggerated curve of Spee is common in malocclusions with deep bite, which can 
change muscle balance and, finally establish an improper function of the occlusion [7-9]. 
Leveling the curve of Spee is a routine procedure in orthodontic practice. A flat curve is 
proposed as a way of overcorrection in orthodontic treatment since there is a natural tendency of 
deepening the curve over time, which can lead to an undesirable increase in overbite and posterior 
occlusal interferences [8,10]. Alterations due to orthodontic treatment may have undesirable 
recurrences after device removal, often almost returning to its original features [11]. One of the 
great challenges of orthodontics is to achieve long-term occlusion stability after orthodontic 
treatment. However, it is possible to observe changes in dental relationships after treatment that do 
not necessarily indicate recurrence. Although many variables tend to return to its pre-treatment 
dimension, a certain amount of change after treatment is acceptable and, frequently, desirable, to 
allow the occlusion stability and the establishment of a suitable incisal relationship. The curve of 
Spee may suffer physiological changes with age or pathological changes due to rotation, inclination 
or extrusion of teeth. Leveling stability may depend on the specific nature of its correction. In 
addition, many factors, such as growth and neuromuscular adaptation may influence recurrence 
[12]. 
Leveling the curve of Spee is an important stage of orthodontic treatment and the 
maintenance of the depth obtained after treatment is essential for its stability over the years. 
Therefore, this study aims to evaluate the leveling and stability of the curve of Spee in patients using 
at least 8 years of mandibular fixed retainer after the removal of fixed orthodontic appliance. 
 
Material and Methods 
This study was approved by the Ethics Research Committee of the Juiz de Fora Federal 
University -UFJF- (385.086 / 2013) and all participants signed the informed consent form agreeing 
to participate in this research. The sample consisted of 10 mesocephalic subjects, 7 females and 3 
males, who had undergone orthodontic treatment at the Graduate Course in Orthodontics, Faculty 
of Dentistry, Juiz de Fora Federal University and at a private dental office in Juiz de Fora, Minas 
Gerais, Brazil. The sample selection criteria included: Complete permanent dentition, with the 
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exception of third molars; Absence of teeth with anomaly in shape or size or with extensive coronary 
restorations including cusp tips or incisal edges; Patients treated without dental extractions or 
orthognathic surgery; Patients with canine to canine fixed mandibular retainer for over 8 years. 
Patients who had retainer debonded and had not rebonded it within 30 days were excluded from the 
sample. 
The average age of individuals at the beginning, end and after treatment is shown in Table 1. 
Data on the duration of treatment and post-treatment retention phase are shown in Table 2. 
 
Table 1. Age (in years) at the beginning, end and after at least 8 years after the end of treatment. 
Age Mean SD Maximum Minimum n 
Initial 15.7 8.04 38 11 10 
Final 19.8 7.71 41 14 10 
Post-treatment phase 27.9 7.96 49 20 10 
 
Table 2. Duration (in years) of treatment and post-treatment retention phase. 
 
The facial pattern of each patient of the sample was determined based on angles such as NAP 
(Nasion- A point, A point -Pogonion); SN-GoMe (Sella-Nasion; mandibular plan); SN-Ocl (Sela-
Nasion; occlusal plane) and FMA (Plan Frankfurt Horizontal plane; Mandibular plane), which 
determine the growth tendency and consequently the craniofacial type. These measures were 
determined from patient’s initial cephalometric radiographs. Patients with horizontal growth 
tendency were considered brachycephalics, those with vertical growth tendency were considered 
dolichocephalics and when patients showed harmony in the growth pattern, they were classified as 
mesocephalics (13). The values that determined themesocephalic pattern were: NAP (0 ° to 2 °), SN-
GoMe (32 ° ± 4°), SN-Ocl (14 ° ± 3 °), FMA(26 ° ± 4.5 °) (14). Cephalometric tracings were 
obtained with the use of a 0.5mm black graphite pencil (Faber Castell® Poly Super Matic, Silver, 
Minas Gerais, Brazil) and acetate sheet (Orthometric® Acetate G & H OPATH, 203x254mm, 
Franklin, USA). The measurements of the curve of Spee depth were performed in the patients’ study 
casts at the following times: T0 (before the beginning of orthodontic treatment), T1 (after 
orthodontic treatment) and T2 (at least 8 years after the end of treatment). 
In order to obtain the study casts to be studied in T2, lower arch impressions of the selected 
patients were made usingAvaGel® alginate (Dentsply, Petrópolis, Rio de Janeiro, Brazil) and casts 
were manufactured using type III dental stone (Asfer®, São Caetano do Sul, São Paulo, Brazil) 
according to manufacturers' recommendations. 
The curve of Spee depths were evaluated from measurements of the distances between the tip 
of the lowest buccal cusp of the posterior teeth of each hemiarch to a reference plane. A prefabricated 
acrylic plate, resting on three points of the lower model worked as a reference plane (Figure 1). The 
Duration Mean SD Maximum Minimum n 
Treatment 4.1 1.45 7 2 10 
Post-treatment phase 8.4 0.69 10 8 10 
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support points of the plate were: disto-buccal cusps of right and left second molars, and the most 
obvious point of the incisal edges of incisors [3,9,15,16]. 
 
 
Figure 1. Acrylic plate resting on three points of the mandibular cast: disto-buccal cusps of right and 
left second molars, and the most obvious point of the incisal edges of incisors. 
 
If a tooth prevented the contact of the acrylic plate with any of these three points, the lower 
surface of the plate was abraded up to all three contacts were simultaneously obtained. 
The distance between the acrylic plate and the tips of the lower buccal cusps of the right and 
left sides of study casts was measured with the depth rod of a digital caliper (Starret® series 799 - 
6/150, Athol, Massachusetts, USA). A perforation was made in the plate where the depth rod crossed 
(Figure 2). The caliper was supported by the acrylic plate that prevented its displacement [15]. 
 
 
Figure 2. Distance between the acrylic plate and the tip of the lowest buccal cusp measured with the 
depth rod of a digital caliper. 
 
The thickness of the acrylic plate (1,61mm) was discounted from the measure found because 
the caliper and the cast were in contact with opposite surfaces of the plate [15]. 
In order to determine the measurement error and the intraobserver consistency, all 
measurements were made twice by the same operator with an interval of 30 days between them. 
Measures obtained in both measurements were statistically compared. 
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The Shapiro-Wilk test was performed to assess the possibility of using parametric tests for 
comparisons. The measurements of the curve of Spee were compared using the SPSS software 
version 13.0 for Windows. The paired t test was conducted to interpret the results obtained and the 
level of significance was 5%. T0, T1 and T2 measures were compared through the use of the Pearson 
correlation coefficient in order to verify the stability and the degree of correlation among these times 
evaluated in the mesocephalic pattern after at least 8 years after the orthodontic treatment. 
 
Results 
Means, standard deviations, minimum and maximum depths of the right and left sides of 
samples at T0, T1 and T2 are described in Table 3. 
 
Table 3. Mean values, standard deviation, minimum and maximum depth of the left (l) and right (r) 
sides of samples at T0 (before orthodontic treatment), T1 (at the end of orthodontic treatment) and T2 
(at least 8 years after the orthodontic treatment). 
 Mean SD Minimum Maximum 
T0r 2.0350 1.14874 0.00 3.65 
T1r 0.5400 0.35590 0.00 1.05 
T2r 0.5050 0.34056 0.00 0.96 
T0l 1.7000 0.96539 0.00 3.40 
T1l 0.4640 0.43887 0.00 1.10 
T2l 0.5590 0.50454 0.00 1.46 
 
Shapiro-Wilk test (Table 4) was performed and the values found showed normal distribution 
with p> 0.05 for the normality test, therefore, parametric tests were used for comparisons. 
 
Table 4. Shapiro-Wilknormality test. 
 Df Sig. 
T0 r 10 0.669 
T1 r 10 0.438 
T2 r 10 0.582 
T0 l 10 0.942 
T1 l 10 0.057 
T2 l 10 0.412 
 
The results of the paired t-test and Pearson correlation among T0-T1, T0-T2 and T1-T2 
phases in the right and left sides are described in Tables 5, 6 and 7 respectively. 
 
Table 5. Paired t-test results among initial phase (T0), after treatment (T1) and eight 
years after treatment (T2) on the right (r) and left (l) sides. 
 Sig.(2-tailed) 
T0r-T1r 0.002 
T0r-T2r 0.002 
T1r-T2r 0.748 
T0l-T1l 0.005 
T0l-T2l 0.010 
T1l-T2l 0.291 
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Table 6. Results of Pearson correlation among initial phase (T0), after treatment (T1) and eight 
years after treatment (T2) on the right side (r). 
 T0r T1r T2r 
T0r 1 0.336 0.104 
T1r 0.336 1 0.540 
T2r 0.140 0.540 1 
 
Table 7. Results of Pearson correlation among initial phase (T0), after treatment (T1) and eight years 
after treatment (T2) on the left side (l). 
 T0l T1l T2l 
T0l 1 0,026 -0,048 
T1l 0,026 1 0,848 
T2l -0,048 0,848 1 
 
The mean value of the curve of Spee was 1.86 mm at T0; 0.50 mm at T1 and 0.53 mm at T2. 
The average correction of the curve of Spee depth was 1.36mm (73.11%) and the mean relapse was 
0.03mm (2.2%). The value found regarding the average relapse was calculated based on the values 
found for the average correction of the curve depth in millimeters (T0 - T1) in relation to the 
difference of means at T1 and T2. 
 
Discussion 
The aim of this study was to compare changes in the depth of the curve of Spee 8 years after 
orthodontic treatment in patients with different facial patterns, however, due to the limited sample, 
this became a pilot study with a mesocephalic pattern sample. 
The stability of the curve of Spee was evaluated after a long period after the conclusion of the 
orthodontic treatment. In literature, the average post-treatment time varies from 2 years [17,18], 5 
years [11,19], 7 years [4] to 12 years [20]. 
In this study, there was no statistically significant difference in the depth of the curve of Spee 
between T1 and T2 on left or right sides, suggesting that there was no significant relapse of the 
curve 8 years after orthodontic treatment in patients still using lower retainer. Significant differences 
were found in values found between T0 and T1 and T0 and T2, suggesting that there was a 
significant flattening of the curve after treatment and 8 years after treatment compared to the initial 
phase. 
In the same study, the pretreatment mean value of the curve of Spee was 1.86 mm, leveling 
and relapse averages were respectively 1.36mm (73.11%) and 0.03 mm (2.2%). Relapse was calculated 
8 years after treatment in patients still in use of fixed lower canine to canine retention. Pearson 
correlation shows that the variation of the difference between T1 and T2 was lower than between T0 
and T1, which also indicates that after leveling the curve with orthodontic treatment tended to 
stability. The results contrast with studies in which the curve of Spee showed a statistically 
significant relapse, with average of 0.84mm in patients with Class II malocclusion [11] and mean 
leveling of 1.60mm (63%) and average relapse of 0.26 mm (16%) [18]. 
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The long-term stability of orthodontic treatment is a challenge for dentists because it is 
almost impossible to ensure absolute stability after treatment [21]. However, leveling the curve 
during orthodontic treatment has been considered a long-term stable procedure [4]. In this study, a 
tendency of the curve depth to remain stable eight years after the completion of treatment in patients 
using lower retainer was also observed. However, some authors reported that the development of the 
curve of Spee after treatment is unpredictable, and also that curves that were not completely leveled 
had higher incidence and magnitude of relapse [17,20,22]. An association of a curve depth of 
approximately 2 mm in T1 (after orthodontic treatment) to a minor change in the depth of the curve 
over time [20] has been made OK. The results presented in this study corroborate this statement, 
since there was no statistically significant relapse of the curve of Spee over time and the sample 
showed curve depth in T1 ranging from 0 mm to 1.10 mm with average of 0.50 mm. 
This study evaluated patients 8 years after treatment in patients still using lower retainer. In 
order to conclude that maintaining the lower retainer contributed to increase the stability of the 
curve in the post-treatment phase, further studies with larger sample should be carried out, 
comparing brachycephalic, mesocephalic and dolichocephalic patterns and also with a control group 
of patients without lower retainer. 
 
Conclusion 
As there was no significant relapse in the depth of the curve of Spee between T1 and T2 in 
the left or right side, it is suggested that its leveling is a stable procedure 8 years after orthodontic 
treatment in mesocephalic patients still using lower retainer. 
Values found between T0 and T1 and T0 and T2 showed significant differences, suggesting 
that the curve leveling occurred during treatment. 
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